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(57)Abstract: lAJ 

PURPOSE: To make visual angle characteristics nearly uniform in all bearings and to > i i - 

prevent the degradation in contrast by the specific position of an observer by constituting ' 

the liquid crystal display element in such a manner that the orientation directions of the • 

liquid crystal molecules of a liquid crystal layer distribute at an equal probability in I ' I : 

macroscopically nearly all directions with respect to the intra-surface direction of T ^ j 

substrates and exhibit a nearly specified twist angle with respect to a direction ^ ^ 

perpendicular to the substrates. ^ \ - ;J 

CGNSTITUTIGN: The liquid crystal molecules 3 of a chiral nematic type are clamped * ' 

between the transparent glass substrates 1 and 2. Macrossopically the orientation . ^ 

directions of the liquid crystal molecules 3 are randomly distributed with respect to the i ^ — 

intra-surface direction of the substrates 1 , 2. The chiral nematic liquid crystal rotates the 
axis of polarization of incident light at a prescribed angle as a whole with respect to the 

direction perpendicular to the plane of the substrates 1 . 2. A positive display, etc., are o cr> — i- 

realized if a pair of such polarizers are used. As a result, a rubbing treatment is not j^* ^ 

executed and, therefore, the destruction of elements and wirings by static electricity do ♦ «=* I 

not arise and the display defects by generation and pickup of dust are decreased. ^ ^ 
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Japanes Publication f r Unexamined Patent Application 
No* 194655-1994 (Tokukaihei 6-194655) 

A. Relevance of the above-identified Document 

This document has relevance to all the claims of the present 
application. 

B. Translation of the Relevant Passages of the Document 
[EXAMPLE] 

[0016] 

The following description explains Example of the present 
invention with reference to Fig. 1(A) to Fig, 1(C) and Fig. 2. Fig. 1(A) is 
a cross sectional view schematically showing a liquid crystal display cell 
of Example of the present invention. Cairalnematic-shaped liquid 
crystal molecules 3 are sandwiched between transparent glass 
substrates 1 and 2. 

[0017] 

In manufacturing the liquid crystal cell, it is possible to use a 
process of a conventional technique without modification. However, 
rubbing is not performed. When an alignment process such as the 
rubbing is not positively performed, in view of a minute area of a 
surface of the one substrate, it is considered that the liquid crystal 
molecules are ahgned substantially in parallel to each other in a certain 
direction at least substantially in the same manner. 
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10018] 

In view of a wider area, there are a large number (multi) of such 
minute areas (micro -domain), and the liquid crystal molecules are 
aligned in any directions in the multi-domains, and it is considered that 
the liquid crystal molecules are aligned in all the directions at the same 
probabiUty. 

[0019] 

That is, in terms of the alignment directions of interface 
molecules throughout the cell, the molecules face substantially in all the 
directions, and in terms of each minute domain, the molecules face 
substantially in the certain direction. 
[0020] 

The cairalnematic liquid crystal is such that: an ahgnment 
direction of liquid crystal molecules goes into a 360- degree roll with it 
thickness being p. As the liquid crystal molecules are away from the 
surface of the one substrate, the Uquid crystal molecules gradually 
rotate, and the liquid crystal molecules have a twist structure, which 
rotates at an angle defined by d/p, on a surface of the other substrate. 
Note that, in case of the cairalnematic liquid crystal, p=oo. Since this 
shows similar twist in each domain, the liquid crystal molecules are 
aligned in a multi-domain manner so that an alignment direction of only 
a certain twist angle deviates at an interface on the opposite side. 
[0021] 

The hquid crystal cell is formed so as to satisfy such condition 
that: when a cairal pitch of the cairalnematic liquid crystal is p and a 
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thickness of a liqiiid crystal layer in a direction of being sandwiched by 
the glass substrates is d, 0(< or =)d / b(< or =)0.75. More preferablj^ the 
liquid crystal cell is formed so as to satisfy such condition that: 0.15<d / 
p<0.75. That is, p and d are determined so as to realize optical rotation 
at not less than 54 degree and not more than 270 degree. 
[0022] 

For example, liquid crystal in which d/p=0.25 (corresponding to 
90° twist) and its cairal pitch p is defined is injected and sealed between 
the transparent glass substrates 1 and 2 that are disposed in parallel to 
each other with a gap p therebetween. 
[0023] 

Examples of a liquid crystal material includes known nematic 
liquid crystal and cholesteric liquid crystal. In case of twisting, cairal 
agent is added to the nematic liquid crystal. 
[0024] 

Of course, in case of an active driving system, as shown in Fig. 
1(C), on the glass substrates 1 and 2, there are formed: a driving 
element Q such as a thin film transistor (TFT) using amorphous Si and 
polycrystalhne Si; a wiring W constituted of metal such as Cr; a 
transparent pixel electrode P constituted of indium tin oxide (ITO) or 
the like. It is preferable that surfaces thereof are covered by an 
insulating protection film 13. Further, a black stripe, a color filter, and 
the like may be formed. A common electrode is formed on whole the 
surface of an counter substrate. In case of a simple matrix, groups of 
wirings which cross each other are formed on surfaces of a pair of the 
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substrates. It is not necessary to provide the insulating protection film 
and the alignment film on the substrates 1 and 2, but they may be 
provided. However, rubbing is not performed. 
[0025] 

For example, in case where d/p=0.25, the liquid crystal 
molecules are disposed so as to be twisted at 90° between the two 
substrates in each domain. However, the alignment on the interface in 
the multi-domains containing a large number of domains is performed 
in any directions. 

[0026] 

Note that, when injecting the liquid crystal, the liqviid crystal is 
injected at an isotropic phase while keeping temperature of the liquid 
crystal at not less than an N-J (N- nematic, V isotropic) phase transition 
point of the liquid crystal, and the temperature is gradually decreased 
to not more than the N-I phase transition point. This technique is more 
preferable to realize a more beautiful display condition as a display 
element. 

[0027] 

Further, it is preferable that: the liquid crystal is injected while 
keeping not only the temperature of liquid crystal but also temperature 
of the substrate in which the liquid crystal has not been injected at not 
less than the N-I phase transition point, and the temperature is 
gradually decreased to not more than the N-I phase transition point. 
When the liqviid crystal cell is manufactured in this manner, the display 
quahty is further improved. 
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[0028] 

A property of the liquid crystal forms mtilti- domains in a bulk 
state (a state in which any external force is not exerted on alignment), 
so that it is anticipated that, generally, the multi-domain structure is 
estabUshed in a cell receiving no external force exerted on the alignment. 
Particularly, this tendency may be obvious when the liquid crystal is 
injected while keeping the temperature at not less than the N-I point, 
and domain sizes and the like of the multi-domains may be uniformed. 
[0029] 

Note that, polarization plates 1 and 12 that are positioned 
outside the liqmd crystal cell are disposed in a crossed-nicol manner in 
case of positive display, and are disposed in a parallel-nicol manner. As 
apparent from a condition under which there is no reference direction 
such as a rubbing direction inside the substrate, a polarization axis of 
the polarization plate slants at any angle. 
[0030] 

In case where d/p=0.25, in the mvQti- domains, when the 
alignment direction of the liquid crystal molecules on the interface is 
parallel or perpendicular to the polarization direction of polarized 
incident light, the polarization direction of polarized outgoing light is 
twisted at 90'' due to its optical-rotation ability as in a general TN cell. 
[0031] 

On the other hand, when the alignment direction is not parallel 
or perpendicular to the polarized-incident^light direction, a twist angle 
of outgoing light is determined by its optical-rotation ability and 
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retardation (An • d : An • refraction anisotropy), and this has wave 
dependency. 

[0032] 

Thus, light which passes through the multi- domains and the 
opposite polarization plate is colored. However, the alignment directions 
of the multi-domains correspond to all the directions at the same 
probability. Thus, the wave dependency of the outgoing light is 
substantially vanished, so that this shows an uncolored transmission 
state when turned OFF in the positive display. 
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